N
Constraints on PDFs from CDF
Aidan Robson
Glasgow University UNIVERSITY
DIS2007, Munich GL“‘;{;O“’ )

l J




Overview

7

Outline:

\_

For PDFs the Tevatron is a stepping
stone between HERA and the LHC.

¢ W and Z measurements

¢ Jet-based measurements
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[ 7. rapidity ]

/ oBr(W—6v) = (2777 + 10, = 52, + 167,,,) pb (CDF, 72/pb)

)pb (CDF, 72/pb)
PRL 94 091803 (2005)

Cross-section systematic uncertainties < 2% of which PDF uncert. ~1%
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[ 7 rapidity ]

o/d

pslso \

Experimental challenges: \
Far-forward tracking efficiencies
~ b, CDF Run I preliminary with 1.1fb and background determination
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Forward W
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( Forward W W

\_

Central electron result: o, = (2771 £ 14 _, ;%2 oys T 166,,,,) pb

Forward electron result: oy, = (2796 £ 13 _*;’g oys T 162,,,,) pb

Define visible cross-section o,

vis

O'tot XA

Ratio of o, in central/forward regions sensitive to PDF distributions

Uncertainties on R,

~N

Reyp = 0% [ 0°™,;s = 0.925 + 0.033 electron identification +2.5%
track reconstruction +1.1%
Ry, = Acent . [ Afow . =0.924 £ 0.037 (CTEQ6.1) luminosity +1%

=0.941 £ 0.012 (MRSTO1E) backgrounds +1%

/
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Forward W
/ o Ratio of acceptances (MLO) \
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( W charge asymmetry W

p
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Run 1 measurement resulted in d quark
increased by 30% at Q?=(20GeV)?2

L Aidan Robson Glasgow University 8/22 J




( W charge asymmetry 1

7

Corrected Asymmetry

/ Corrected Asymmetry

..
e s
o

..
e«
o

PRD 71 052002\

First Run 2 charge asymmetry measurement: similar approach to Run 1

S o o b e 929 909
B W N a0 a NWw ARt
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© o o b e @29 929
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DF-II, 170 pb'
25 < E; < 35 GeV

— CTEQ6.1M
--- MRSTO02

MLO RESBOS (F. Landry, et al. Phys Rev.DET:073016 2003)

0.5 1 15 2 *I 25

CDF-II, 170 pb'
35<E, < 45 GeV

— CTEQ6.1M
--- MRSTOZ2

MLO RESBOS (F. Landry, etal. Phys Rev.DE7:0730165 2003)

0.5 1 1.5 2

measurement relies on calorimeter-
seeded silicon tracking

experimental challenges:
alignment; charge misidentification

unknown neutrino p, is a smaller
effect for higher E; electrons

measurement divided into two E;
regions

for given n,, E; regions probe

different y,, and therefore different y
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( W charge asym. — new method W

/ Instead: probe the W rapidity directly \
W Charged Rapidity M,, constraint — two kinematic solutions for p, of v.
Wo T T N Ambiguity can be resolved statistically from known
: /,»' centre-of-mass 6* distribution for V-A decay
y —weight solutions according to (cos&*, y, pV)
do/dy is an input; iterate to remove dependence.
coaf® in W+ evant . cos " i - event
| e . ] :Jil'-, N J/lf
3 2 -1 0 T H:mmmfﬂ IJ 1\ o | J,-"
\ x Quaik R - w lI.|'
Relies on Si-only tracking \ o0 4

Uncertainties:
Charge mis-ID rate
Energy scale and mismeasurement
Background/trigger/electron 1D

I-' 08 -0 04 03 & 02 o4 08 0E 1
cosO* /
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( W charge asym. — new method W

N
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Ratio to CTEQS

High-x gluon

— the most uncertain PDF

gluon at @ = 3,16 GeV
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( Run 1 Inclusive Jets W

~N

% (DATA-THEORY)/THEORY
150 1 s s s s s
- CDFP ; o PDF uncertainty was underestimated
125 e CDEF-PY reliminary R = . . .
. e — data was in fact consistent with SM
w  RumiB@7pbY O
- w1th run 1A results overlayed
75 j """""""" """"""" L Quark/Gluon Contributions to Cross Sction
- NLO QCD CTEQSM scale Et/2 |
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25 [ N .—hti il - e .
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L Aidan Robson Glasgow University 13/22 J




[ Jet Algorithms |

/ Run 2 midpoint algorithm

Based on cone in (n,¢)

Extra seed placed at midpoint (n,¢)
of pairs of proto-jets separated by

less than 2R for improved IR safety.

Merging/splitting of overlapping jets

Run 2 k; algorithm \
*

o

TN N

4// 4
“

*

e
.

Proto-jets combined according to
separation in transverse momentum
k;, starting from smallest k
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( Inclusive Jets W

/Events collected with single-jet triggers \
Interactions required to be in centre of detector (|z|<60cm)

Missing E; required to be low (remove cosmic/beam backgrounds)

Jets clustered f |

Effects of multiple pB interactions removed G T
— estimated from # reconstructed vertices " /]

Calorimeter jets unfolded to hadron-level jets:
— bin-by-bin unfolding determined from simulation

pQCD partons reconstructed into jets for comparison
non-perturbative contributions from underlying event
and fragmentation added.

Main uncertainty: jet energy scale
+2-3% JES uncertainty translates to
+ 9% cross-section uncertainty at low pet, *50% at high pet

\also +8% uncertainty on jet resolution /
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CDF k,

~N

/

/ 5 E |y*t[<0.1 _ _
: To make comparisons with
1.2 i calculation, include correction
v Nk for non-perturbative
10— contributions
i F . — estimated by turning on/off
=) N . . . .
1aE 0.7<]y*<1.1 fragmentation, interactions with
af beam remnants.
B
| .
| COF Run Il Preliminary
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134
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CDF k,

CDF Run II Preliminary
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Forward jet =
asymmetric interaction

Don’t expect new physics
in high y et region
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CDF k,

Ratio to CTEQE.1M Ratio to CTEQSG.1M
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~|y<041 - 044y«
-M‘*‘f 7 --------- : | k
0.7<y’|<1.1 1.1<ly"|<1.6

16<ly" |<21

[ 1 L
200 400 G600 p%Er[GeVa'c]

CDF Run Il Preliminary

K, D=0.7
—=— Data (L=098f")

Systematic uncertainties
POF uncertainties

u=2xp, =maxp
MRST2004

/

L Aidan Robson

Glasgow University 18/22 J




CDF midpoint
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CDF midpoint
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( Tevatron performance W

7

~N
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( Summary W

7

As Tevatron datasets increase, PDF uncertainties becoming significant:
¢ acceptance calculations

¢ theoretical predictions
¢ template shapes

¢ background estimates
. 2

and are unique to Tevatron:
¢ \W charge asymmetry for d/u

¢ Inclusive jet cross-section for high-x gluon

™

Other analyses seem promising
¢ Z rapidity
¢ Forward W

key for LHC

\_

~N

Several measurements underway that have good PDF constraining power

/
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Backup slides

/

L

Aidan Robson Glasgow University

23/22 J




Tevatron parton kinematics

X,
= Q

2
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LHC parton kinematics
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Z. rapidity

latatheory(nlo mrst) of do/dy ]

/.Q ®F > '
CDF Run 1 limi ith 1.1fb" !
O ol preTmnany W S 1.15/| NLO calculation
=~ +"'++ o | MRST NLO PDFs
60| RS =R R}
= + =
—_— ++ ~ |
Q 50 e ‘g 1055 14 e
b 40 ++ Q ‘: .t 11 : -
© ¥+ - o 1 ’
30 % 095}
20 66<M.,l<116 X 095
+ > measured ¢ (no lum. uncertainty) + T »
10/~ : NNLO CTEQS.1 prediction scaled Mo o 85'5 o |
to measured o(2) . =L CDF Run Il preliminary with 1.1fb*
[+ | PP EPEPEPE B SRR PP S | i :
o 0.5 1 1.5 2 25 3 08
n 03 1 15 < 25 3
datatheory(nnlo) of do/dy ] y(Z) lata'theory(nlo cteq) of da/dy | y(Z)
1.2 — SR e 1.2 —
- 1.15..| NNLO calculation - 1158 NLO calculation
8 CTEQ6.1 NLO PDFs 8 CTEQ6.1 NLO PDFs IR
o 1 ! o 1A
- 1 - .
@ 1.05 © 1.05 o
hd . ® whd . . -
© 1 . o-0 | %0 ti0® | 1 1 1] et
Q B * . 1 1 . Q ' - * . A .
095/ | ! 0950 RE AW
09} 0.9
0.85 e—er ) 0.85 N . 4 ‘
CDF Run Il preliminary with 1.1fb"" | CDF Run Il preliminary with 1.1fb
0'8 A A | P A A " 1 PR N N N N |
005 1 15 2 25 3 s 7 i& 2 25 a
L Aidan Robson Glasgow University 26/22 J




\'

7

valence d

Forward W
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~N

low x gluon

CTEQ
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/
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[ Jet Algorithms |

7

Not
colli

\_

Not IR
safe:

safe:

Run 1 cone algorithm

Run 2 midpoint algorithm

construct cones around seed towers
construct cones around these proto-jets
merge if common E; > 75% of smallest jet

AN

before soft parton after soft parton
emission (2 jets) emission (1 jet)

.................
» ‘: :. ........... :‘-’ :’
0" % & .‘0
- * *
n e a r ‘w’

below threshold above threshold

(no jets) (1 jet)

Put extra seed at midpoint
(n,¢) of pairs of proto-jets

separated by less than 2R.

lterate.
Merge/spilit.

~N

/
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Jet Algorithms W

7

lterate

\_

Make an ordered list of {

Start from smallest {d.

d}

ij 7

Run 2 k; algorithm
\R? _— In(n,¢) space
- mi )2 21 A
d; = min[ (p7)* , (p7) D2
d = (p;)? T algorithm parameter

A/%v <«
If it is a d, it is called a jet and removed from the list * \ \

If it is d; the particles are combined in a “proto jet’

~N

*

7
NN

_
Y

L
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( Quantifying PDF uncertainties W

4 A

PDFs are parameterised fits to DIS/fixed target DY/Tevatron data
xf,(x,Qg) = Agx1.(1—x)*2.ex (1+A,xYs  (CTEQ)

where a are combinations of u,d,g,a,a
= 30 total parameters of which 10 fixed

Parameters determined at low scale Q,=1.3GeV and evolved

Eigenvectors formed in A space (20 for CTEQ, 15 for MRST)

‘Error’ PDF sets provided for each eigenvector at Ax?=100(CTEQ)
or 50(MRST) from best fit.

\_ /
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( PDF uncertainties in W/Z W

/ OBr(W—) = (2777 + 10, = 52, + 167,,,) pb (CDF, 72/pb) \

stat
oBr(Zy'~ ) = (254.3 £ 3.3, + 4.3, = 15.3,,,) pb (CDF, 72/pb)

Cross-section systematic uncertainties < 2% of which PDF uncert. ~1%

Luminosity uncertainty cancels entirely in ratio R=¢;,/0, , but PDF does not

R=10.84 + 0.15,, = 0.14,,, —= I'(W) = 1092 + 42 MeV
~0.6% from PDFs

Can design measurements to minimise PDF uncert.,

eg use same selection for W,Z ; extract R from £ fit _ MET for electrons, scaled by R = 10.546
COF Run Il

reduces PDF uncertainty to 0.3% g = — i Pratiminary
ﬂ' ()] LI L 3““_ h_-I

o 0.05 0.05 § 2000 ] Z -+ T MC »
5] = “ Bl et MG
J-‘—-E" 0.04 0.04 b 1soal— [ | QCD from data
5°0.03 0.03 « Dala
I:_J
2 0.02 0.02 y000

0.01 0.01
0 0

0 | 2 3 0 | 2 3 .
W rapidity Z rapidity WIET (Do)
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( PDF uncertainties in oy, my, W

/ Top pair production

theoretical calculation o (pp—tf) = 6.7 pb
principal contribution is PDF uncertainty (~10%)

combined CDF measurement, 760/pb: (7.3 + 0.5, = 0.65, = 0.4,,,) pb

\_

Frrvrr ] rrrd T
W maSS M?D-—EIF:-E'I'“"IEI'I'.-H errors B8% CL |
' Tevatan (2009)
CDF preliminary, for 200/pb data . oS
=i AR
Systematic Uncert. |Electrons Muons 0601 i
lepton scale & resn 70 30) roughly = o |
recoil scale & resn 50 o[ Scalew/ g o
luminosity = T
backgrounds 20 Z ol O sl
QED 15 20 ol
g
W p; model 15 15 L A
PDFs 15 15 Lt :
TR e A0S gy
Total uncertainty: 76 MeV 80 20 b e oo
(expected in 2/fb: 40 MeV) S T rwruirl il I
m, [GeV]

~N

L Aidan Robson

Glasgow University

32/22 J




( Run 1 W charge asym. W
4 )

»025 -
7 -1
54,  CDF1992-1995 (110 pb™ e+p)
E e CTEQ-3M
5.0.15 5~ . RESHOS
:E f::;‘fa-""-- = Hx R“\ -
. 0. & e CTEQ-3M
DIS a g2 so u is well measured gﬂﬂ N // <\, DYRAD
I:d %, L
Run 1 measurement resulted 0 0
MRS-RZ (DYRAD) — 2.5

in d quark increased by 30%

at Q2=(20GeV)? 005 MRS-R2 (DYRAD)(d/u Modified) _,5
-0.1 MRST (DYRAD) _ﬁ
-0.15
PRL 81 5754 (1998)
(0 035 | 1.5 2

| Lepton Rapidity |

\_ /

L Aidan Robson Glasgow University 33/22 J




/+b W

\_

H/

ﬁ—»—mﬂuz q

Q
-

CDF: b fraction extracted from mass
! A direct probe of of secondary vertex
g ETE——Q proton b content DO: charm content assumed from
— compare with theoretical prediction N.=1.69N,

radiative generation

_ o(Z+bjet)

~N

Z in association with jets
Reone = 0.7, In#Y<1.5, E-(p;) >20 GeV

cone

b jets “tagged” by displaced vertex

o(ZIy*+bjet).Br(Z/y*—ee or uu)
=(0.93 +0.29,,,, + 0.21, () pb

o (Z + jet) CDF 335/pb

CDF 335/pb| 0.0236 + 0.00
DO 180/pb| 0.021 + 0.004

NLO calc.| 0.018 + 0.004

74 £ 0.0053 NLO:0.52pb

+0.002
stat —0.003 sys

single top / Higgs background
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